Objectives: HIV infection is associated with dyslipidaemia and increased risk of cardiovascular disease. The effects of HIV infection and antiretroviral treatment on surrogate markers of atherosclerosis, and lipoprotein metabolism were evaluated in a 12 month prospective study.
Introduction
Current treatment for HIV infection has dramatically reduced mortality, however, comorbidities that are not directly related to immunodeficiency are now increasingly recognized as a consequence of HIV infection. One such co-morbidity is an increased risk of cardiovascular disease. The current view is that HIV infection and/or its treatment are associated with elevated risk of development of atherosclerosis and consequently with increased prevalence of acute and chronic cardiovascular events [1, 2] . The evidence for this conclusion, however, is not unequivocal.
Many early antiretroviral regimens included protease inhibitors (PI) that caused dyslipidaemia [3] and most likely had other pro-atherogenic effects not directly related to dyslipidaemia [4, 5] . Enhanced development of atherosclerosis due to treatment with PIcontaining regimens has been documented [6] . Current ART regimens are less likely to cause elevation of low density lipoprotein cholesterol (LDL-C) [7] . Another element of dyslipidaemia, low levels of high density lipoprotein cholesterol (HDL-C), persists in both treated and untreated patients [8] . We [9, 10] and others [11] suggested that HIV infection itself, in addition to antiretroviral regimens, may contribute to dyslipidaemia and elevated risk of atherosclerosis. Clinical evidence to support such a hypothesis is conflicting. Several studies have demonstrated an increased risk of atherosclerosis in HIV patients [12] [13] [14] [15] [16] [17] , but were cross-sectional or retrospective in design and did not assess the progression of atherosclerosis. Two short-term prospective studies demonstrated a faster increase of cIMT in HIV patients compared to HIV-negative individuals [18, 19] , but both studies included subjects on PI-containing regimens. Other studies demonstrated no impact of HIV infection or non-PI treatment regimens on surrogate markers of atherosclerosis when adjusted for conventional risk factors [20] [21] [22] including three prospective studies [23] [24] [25] . The only outcome-based trial, SMART, did not produce a clear conclusion [26, 27] . On the one hand, interruption of antiretroviral therapy was associated with increased cardiovascular mortality pointing to the contributory role of HIV infection in the development of atherosclerosis. On the other hand, that study produced no evidence for association between HIV viral load and increased CVD risk [26, 27] .
In this study we assessed progression of atherosclerosis over 12 months in treatment-naive HIV-infected patients using three surrogate measures of atherosclerosis, cIMT, PVW and FMD. We compared patients who remained untreated with patients who commenced treatment with non-nucleoside reverse transcriptase inhibitor (NNRTI)-or PI-containing regimens, and with an HIV-negative cohort. We also assessed changes in lipid variables and HDL functionality and related the progression of atherosclerosis to changes in HIV disease status and lipid variables.
Methods

Patients
HIV patients were recruited through the Infectious Disease Clinic at The Alfred Hospital.
All patients were male reflecting the HIV patient population attending the Alfred Hospital (90% male). Patients taking lipid-lowering medications (including fish oil preparations) and those with history of Familial Hypercholesterolemia and BMI greater than 27 were excluded from participation. Smokers were not excluded, but patients abstained from smoking or taking caffeine within 4 h of the study procedures. All patients gave informed consent to the study which was approved by the Alfred Hospital Human Research and Ethics Committee (#54/05). Data for the HIV-negative subjects were obtained from our previously published studies [8, 28, 29] .
Following an 8 h fast, ten millilitres of blood was collected into EDTA tubes and plasma was obtained by low speed centrifugation, aliquoted and frozen at -80 o C. ApoB-depleted plasma was obtained after precipitation of apoB-containing lipoproteins as described previously [30] .
Surrogate markers of atherosclerosis
The right carotid artery was assessed for carotid wall intima-media thickness (cIMT) by ultrasound using Philips iE33 with 11 MHz Linear transducer as described previously [29] .
The cIMT was defined as the distance between lumen-intima interface and media-adventitia interface and was measured from the 2D high resolution digital images obtained using an automated border-detection algorithm (Philips QLAB). cIMT was determined in areas identified as without plaque by 6 duplicate consecutive measurements made 1-3 cm proximal to the carotid bulb. The presence of plaques was also documented.
Pulse wave velocity (PWV) was measured as described previously [28] . PWV was calculated by the difference in time between the two waves obtained from tenometers divided by the distance between carotid and femoral arteries minus the distance between carotid and manubrium sternum.
Brachial flow-mediated dilation (FMD) was measured as described previously [29] . A continuous ultrasound image of the carotid artery in longitudinal cross-section was recorded at baseline, 60 seconds and at 30 second intervals thereafter post induced-ischemia for 4 minutes. The minimum arterial diameter in diastole was measured at all time points in 6 triplicates to maintain reproducibility. FMD was expressed as the highest percentage change in artery dilation when compared to baseline.
All measurements of surrogate markers of atherosclerosis were performed by the same operator both at baseline and after 12 months. Coefficients of variation for repeated measures at a short time interval were 5.7%, 3.2%, and 10.0% for IMT, PWV and FMD, respectively.
Plasma analysis
Total cholesterol (TC), HDL cholesterol (HDL-C), LDL cholesterol (LDL-C) and triacylglycerol (TG) levels were measured using a colorimetric microassays (Wako, Japan). 
Ex vivo Cholesterol Efflux Assay
Cholesterol efflux was measured as described previously [30] . Briefly, differentiated THP-1 cells were incubated in serum-containing medium supplemented with [ 3 H]cholesterol (75 kBq/mL) for 48 h and simultaneously activated with the LXR agonist TO-901317 (final concentration 4 µmol/L). Cells were then incubated for 24 h in serum-free medium in the presence of TO-901317. Plasma or apoB-depleted plasma was then added to the final concentration of 1%. Cells were incubated for 2 h after which aliquots of medium and cells were counted. The efflux was calculated as a proportion of radioactivity that moved from medium to cells (after subtracting efflux to medium without acceptors).
Statistical Analysis
Means ± SD are shown. Paired t-test was used to assess the difference between baseline and 12 months values and unpaired test was used to assess differences between variables in HIV patients and controls. ANCOVA was used to assess the differences between the groups adjusted for baseline values at study entry. Pearson correlations (unadjusted) were applied to test associations between continuous variables. The sample size was sufficient for 80% power with differences exceeding 0.075 mm in cIMT, 3% in FMD and 1.2 m/s in PWV.
The study also had 80% power to detect changes in plasma lipids and lipoproteins exceeding 15-20%, except in more variable LDL-C and apoB (35% change) and TG (60% change), and 0.3% change of cholesterol efflux.
Results
Patients
The number of patients in each treatment group and their anthropometric data are shown in Table 1 . The first group consisted of treatment-naive patients who remained untreated for the duration of the study (12 month). The second group consisted of treatment-naive patients who initiated treatment with an NNRTI-based regimen at study baseline and remained on this treatment for the duration of the study. The third group consisted of treatment-naive patients who initiated treatment with a PI-containing regimen at study baseline and remained on this treatment for the duration of the study. Fewer patients were recruited into the PI-containing ART regimen group due to a decline in PI use as an initial regimen. The median (IQR) duration of HIV infection prior to recruitment into the study was 340 (117, 948) days. Table 1 includes the mean and standard deviation of known HIV infection. There was no significant difference in duration of HIV infection between the 3 groups. The three groups were similar for all variables, except for CD4 cell count and CD4 cell percentage, which are criteria for initiation of antiretroviral treatment.
Surrogate markers of atherosclerosis and plasma lipid variables assessed in HIV-infected
patients were cross-sectionally compared to corresponding values for HIV-negative subjects from our previously published studies. These studies used the methodologies identical to those used in this study and HIV-negative healthy subjects in these studies matched patients in the current study with respect to age, sex and BMI [8, 28, 29] .
Surrogate markers of atherosclerosis
To assess progression of atherosclerosis in patients with HIV, three surrogate markers were used, cIMT, PWV and FMD. There was no difference between baseline and 12-month measurements of all three surrogate markers in untreated patients (group 1) ( Table 2 ). There was a slight increase in cIMT and FMD in group 2 (treatment with NNRTI) and group 3 (treatment with PI) after 12 months follow up; the difference however did not reach statistical significance. There was also no statistically significant difference between baseline and 12 month observations when the data for all three HIV groups were combined (0.53±0.10 versus 0.56±0.10; 7.45±0.93 versus 8.00±1.43; 6.50±4.06 versus 7.84±3.72 for cIMT, PWV and FMD respectively, p>0.05 for all comparisons, n=41). However, ANCOVA analysis demonstrated that slope of changes in FMD values was steeper in Group 3 compared to groups 1 and 2 indicating a possible positive effect of treatment with PI in subjects with vascular dysfunction.
IMT, a structural marker of atherosclerosis, was statistically significantly lower (p<0.01) in HIV patients compared to published values for matched HIV-negative healthy subjects indicating less atherosclerosis. However, PWV was statistically significantly higher (p<0.01), while FMD was statistically significantly lower (p<0.01) indicating a vascular dysfunction, which is a risk factor for atherosclerosis, in HIV patients. Thus, two out of three surrogate markers indicate vascular dysfunction in HIV patients, however, we did not find evidence for rapid progression of atherosclerosis in HIV-infected subjects, at least within the limited period of follow up.
Lipids and lipoproteins
Levels of total and LDL cholesterol and apoB rose slightly during 12 months of observation in all three groups of HIV patients, but only elevation of total cholesterol in group 3 (treatment with PI) reached statistical significance (Table 3 ). ANCOVA analysis demonstrated that slope of changes in LDL was different between all three groups indicating possible negative effect of treatment on subjects with lower LDL-C levels. Plasma triglyceride levels did not change over 12 months in patients in groups 1 and 2, but rose significantly in group 3. Plasma total cholesterol, LDL cholesterol, apoB and triglyceride levels in group 1 (untreated) and group 2 (treatment with NNRTI) were similar to published values for matched HIV-negative healthy subjects. In group 3 (treated with PI) levels of total cholesterol and triglycerides after 12 month were significantly higher compared to published values for matched HIV-negative healthy subjects. Thus, levels of apoB-containing lipoproteins were not affected by HIV infection, but treatment with PI-containing regimen caused elevation of level of triglyceride-rich lipoproteins over 12 month period.
HDL cholesterol level did not change in the three HIV groups during 12 months, but was significantly lower than published values for matched HIV-negative healthy subjects (Table   3 ). Plasma apoA-I levels did not change in group 1 (untreated), but were slightly elevated in groups 2 (treatment with NNRTI) and 3 (treatment with PI), the difference, however, was not statistically significant. ANCOVA analysis demonstrated that elevations of changes in apoA-I and HDL-C were higher in untreated than in one or both treated groups indicating possible positive effect of treatment on subjects with lower HDL levels. Plasma apoA-I levels in all groups of HIV patients were similar to published values for matched HIV-negative healthy subjects. Ratio of HDL-C/apoA-I was similar in all three groups during 12 months observation period, but was lower compared to published values for matched HIV-negative healthy subjects, indicating that HDL particles in HIV patients may be cholesterol-poor.
Plasma levels of LCAT did not change over 12 months in group 1 (untreated), but elevated in groups 2 and 3, the difference reached statistical significance in group 2 (treatment with NNRTI) ( Table 3 ). Plasma levels of LCAT were substantially higher in HIV patients compared with published values for matched HIV-negative healthy subjects (p<0.001).
Plasma levels of CETP did not change in all three groups of HIV patients over 12 months of observation (Table 3 ) and were higher than published values for matched HIV-negative healthy subjects (p<0.05).
Thus, two elements of HDL metabolism, LCAT and CETP, were altered in HIV patients, but the magnitude of this effect did not change significantly during the 12 month study.
Cholesterol efflux
The capacity of plasma to effect cholesterol efflux in groups 1 and 2 did not change during 12 months of observation (Fig 1 A) . Cholesterol efflux to plasma of patients in group 3 (treated with PI) has increased after 12 months. This increase could be a result of an increased functionality of HDL particles or of increased abundance of HDL particles. To distinguish between these two possibilities we normalized cholesterol efflux to the concentration of apoA-I, which is proportional to the abundance of HDL particles. After this normalization the difference in cholesterol efflux disappeared (data not shown) indicating that it was more likely due to an increased abundance of HDL particles than to changes in functionality of HDL particles. When apoB-depleted plasma was used as an acceptor in the cholesterol efflux assay, there was no difference in efflux between baseline and 12 months time points for groups 1 and 3, but the efflux in group 2 was elevated after 12 month of observation ( Fig. 1   B) . Again, when normalized to plasma apoA-I content, the differences disappeared. Thus, HIV infection did not impair the functional capacity of plasma to effect cholesterol efflux during the 12 month observation period.
Analysis of associations
To gain an insight into possible relationships between severity of HIV infection, development of atherosclerosis and lipoprotein metabolism, we considered associations between the variables measured in this study (Table 4 ). To gain statistical power, we combined data from all three groups of HIV infected patients and used baseline values for analysis of correlations.
Many of the associations, however, were valid for the individual groups of patients as also shown in Table 4 . cIMT correlated positively with total cholesterol, LDL-C, TG and HIV viral load. Perhaps surprisingly, there was a positive correlation between cIMT and cholesterol efflux (to both whole and apoB-depleted plasma). Multivariate analysis, however, showed that the only independent variable associated with changes in cIMT was plasma levels of TG (beta coefficient 0.102, p<0.001). CD4+% correlated positively with HDL-C, apoA-I, LDL-C and cholesterol efflux; cholesterol efflux also correlated with CD4+ cell count. This is consistent with our previous findings [8] and points to an association between HIV replication and levels and function of HDL. Cholesterol efflux to whole plasma correlated with TC, HDL-C, LDL-C, TG, apoA-I, apoB and CD4+ cell count. Efflux to apoB-depleted plasma showed the same associations except for the associations with apoBcontaining lipoproteins. Plasma LCAT concentration correlated positively with total and LDL cholesterol, apoB, apoA-I and cholesterol efflux to both whole and apoB-depleted plasma.
Discussion
In this study we investigated the progression of atherosclerosis and dyslipidaemia in patients with HIV disease followed for 1 year. Progression of atherosclerosis was assessed by three surrogate markers of atherosclerosis, cIMT, PVW and FMD. We compared three groups of initially treatment naive patients: those that continued without anti-retroviral therapy, patients that commenced treatment with NNRTI-containing regimen, and a small group of patients who started treatment with PI-containing regimen; the latter group was included mainly as a reference as the effects of PIs on dyslipidaemia and progression of atherosclerosis have been previously documented [3] . It is important to recognize that while treatment has started at the beginning of the observation period, the duration of the HIV infection was unknown. In a cross-sectional arm of the study, we compared surrogate markers of atherosclerosis and lipid variables in HIV infected patients with previously published values for sex-, age-and BMImatched, medication-free healthy HIV-negative subjects.
The main outcomes of the analysis of the progression of atherosclerosis are as follows. First, we did not observe a progression of atherosclerosis in the untreated group and the group of patients treated with NNRTI over one year of observation. There was some progression of atherosclerosis in the group treated with PI-containing regimen, and although changes in surrogate markers of atherosclerosis did not reach statistical significance, this was almost certainly due to low number of patients in this group. Second, values of two out of three surrogate markers of atherosclerosis, specifically markers of vascular function, in HIV patients when compared to published values for matched HIV-negative healthy subjects were consistent with vascular dysfunction and possibly more atherosclerosis in HIV patients. The findings of the prospective arm of the study are consistent with three other available prospective studies investigating the impact of HIV infection on the development of atherosclerosis in a comparable cohort without treatment with PI-containing regimens [23] [24] [25] . Consistent with our study, two of these studies found that although progression of atherosclerosis was slow, it was associated not only with traditional risk factors, such as lipoprotein levels, but also with HIV-specific factors, such as CD4+ cell count, implying that there was a contribution of HIV infection to the progression of atherosclerosis [24, 25] .
Specific contribution of HIV infection independent of the effects on lipid metabolism was also supported by a recent cross-sectional study [31] . The findings of the cross-sectional arm of the study are consistent with a number of reports showing increased atherosclerosis in HIV patients compared to HIV-negative subjects [12] [13] [14] [15] [16] . Limitations of this study were a small number of patients, short duration of the prospective arm of the study, and use of previously obtained values for the HIV-negative subjects in the cross-sectional arm of the study. Further, a connection between surrogate markers of atherosclerosis and clinical outcomes is not unequivocal. Recent meta-analysis demonstrated no association between the rate of changes in IMT and cardiovascular events, although a static IMT value was predictive [32] . Furthermore, atherosclerosis in HIV patients may be characterized by more unstable plaques rather than increased number of plaques, a difference not necessarily reflected in changes of surrogate markers. However, recognizing these limitations, our findings do not support a hypothesis that HIV disease is associated with rapid development of atherosclerosis. This is consistent with a number of other studies [20] [21] [22] . It is important to recognize that severity of HIV (viral load and/or CD4+ cell count) in patients in this study was controlled either naturally in the untreated group or by treatment, therefore conclusions cannot be extended to severe HIV infection.
Analysis of the effect of HIV infection on lipids and lipoprotein metabolism largely
confirmed the conclusions of our previous study [8] : modest hypoalphalipoproteinemia, accompanied with elevation of plasma levels of LCAT and CETP. Raise in total cholesterol and triglycerides as a result of treatment with PI is a well established phenomenon and the only other variable related to lipoprotein metabolism that changed over 12 month observation period was plasma concentration of LCAT in patients treated with NNRTI-containing regimen. This observation may explain HDL-raising effects of some NNRTI [33] , in our study NNRTI also caused small elevation of HDL as well as small elevation of the capacity of apoB-depleted plasma to effect cholesterol efflux. Analysis of associations confirmed conclusions from our previous study [8] 
